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The ideal timing of wound closure for open tibial fractures is debatable. This study aimed to compare
outcomes of primary and delayed wound closure in severe open tibial fractures initially treated with
internal ﬁxation and vacuum-assisted wound coverage (VAC). Data of 80 patients with GustiloeAnder-
son type IIIA and IIIB open tibial fractures treated with primary internal ﬁxation, VAC, either primary
wound closure (PWC) or delayed wound closure (DWC), and external ﬁxation were reviewed retro-
spectively, and outcomes and complications compared. Patients were divided into three groups,
including a PWC group (n ¼ 27), DWC group (n ¼ 22), and a control group (n ¼ 31) that had received
external ﬁxation. Among all patients, the median age was 38 years (IRQ 32e47 years), and 67.5% were
male. Injuries included 33 GustiloeAnderson type IIIA and 47 type IIIB. Among injuries, 83% (66/80) were
high-energy trauma, 63.8% were contaminated and median injury severity score (ISS) was 14 points.
Signiﬁcant differences were found between groups in ﬁxation methods (p < 0.001). No signiﬁcant dif-
ferences were observed between groups in rates of deep infection, osteomyelitis, amputation and
nonunion at 6 and 12 months (all p > 0.05), although all rates were markedly lower in the PWC group.
The outcomes of PWC performed in conjunction with primary internal ﬁxation and VAC for the treat-
ment of GustiloeAndersen type IIIA and IIIB open tibial fractures are similar to or better than those of
DWC with primary internal ﬁxation and VAC.
 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
GustiloeAnderson Type III open tibial fractures are almost al-
ways the result of high-energy injuries and are associated with a
high incidence of complications and morbidity [1,2]. Delayed and
late amputations have been reported to occur in 9%e40% of cases
[3,4]. Treatment includes administering intravenous antibiotics,
meticulous wound debridement, surgical stabilization of the bone
injury and early soft tissue coverage [1]. However, even though
consensus appears to favor early stabilization, orthopedic surgeons
and scholars continue to debatewhether immediatewound closure
or delayed closure is the most effective treatment for type III frac-
tures [4]. Some authors oppose immediate wound closure on the
basis that bacterial organisms remain at the site of the injury and
increase risk of infection [5]. In fact, fear of infection has led to the
prevailing accepted opinion that immediate internal ﬁxation, or forby Elsevier Ltd. All rights reservedthat matter, any internal ﬁxation of open fractures is contra-
indicated [6]. However, this attitude has changed markedly.
Growing evidence supports early wound closure as an effective
method to prevent infections [1,4,7], especially in carefully selected
patients [8,9].
Recently, the development of negative-pressure wound therapy
has altered the treatment of open fractures. Use of a non-adherent
sponge and intermittent suction via a vacuum-assisted closure
(VAC) creates a closed environment and rapidly promotes granu-
lation tissue formation [10,11]. In addition, VAC has been shown to
effectively reduce bacterial counts in wounds until deﬁnitive bony
coverage can be achieved [4,11,12]. For the treatment of open tibial
fractures, primary wound coverage has been considered to be
critical to achieving favorable outcomes [1,7,13]. Other studies have
shown that primary VAC and delayed deﬁnitive wound coverage
also results in favorable outcomes [4,9,14].
It is still unknown whether primary wound closure combined
with VAC can achieve improved outcomes. In addition, it is still
unclear whether open wounds should be closed immediately or if.
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internal ﬁxation. Considering these options in the treatment of
open tibial fractures, we hypothesized that the outcomes and
complication rates of PWC with internal ﬁxation and VAC would be
non-inferior to those of DWC with internal ﬁxation and VAC, and
could possibly be superior. To assess the potential safety and efﬁ-
cacy of primary closure of severe open tibial fracture wounds, this
study aimed to evaluate the outcomes of patients treated with in-
ternal ﬁxation and VACwho received either primarywound closure
performed at the time of internal ﬁxation or delayed wound
closure.
2. Patients and methods
We retrospectively reviewed themedical records of 122 patients
with open tibial fractures treated at our institution between April
2005 and January 2011. The criteria for inclusion in this study were:
1) GustiloeAnderson type IIIA and IIIB tibial shaft fractures (Or-
thopedic Trauma Association code 42); 2) Age  18 years; 3)
Associated soft tissue wounds were treated with VAC; 4) Fractures
were treated with internal ﬁxation as well as external ﬁxation
methods. The exclusion criteria were: 1) Patients who received
immediate amputation before any attempt at soft tissue manage-
ment; and 2) patients with peripheral vascular disease, diabetes,
immune dysfunction and other diseases conducive to infection.
This study was approved by the Institutional Review Board of our
hospital, and because patient identity was protected in this retro-
spective study, the requirement of informed consent was waived.
Of the 122 patients who were recruited, 80 who met the in-
clusion criteria were enrolled. The patients were divided into a
primary wound closure (PWC) group (n ¼ 27), delayed wound
closure (DWC) group (n ¼ 22) and a control group that had been
treated with external ﬁxation (n ¼ 31). PWC refers to direct tension
suture, skin grafting or ﬂap transplantation together with negative
pressure therapy (NPT) as an auxiliary measure performed based
on soft tissue status around the wound after one-stageFig. 1. A 56-year-old female with a GustiloeAnderson type IIIB open tibial fracture caused b
tibial fracture was ﬁxed with a locking compression plate, primary wound closure was done
healed without complications.debridement and internal ﬁxation. DWC refers to direct coverage of
the wound using a non-adherent sponge and intermittent suction
via a vacuum-assisted closure (VAC) after one-stage debridement
and internal ﬁxation; coverage is changed once every three days
and ﬁnal wound coverage (tension suture, skin grafting or ﬂap
transplantation) is applied about one week later depending on soft
tissue status, as with primary wound coverage. External ﬁxation
involves three steps: 1) debriding necrotic tissue, 2) performing
external ﬁxation and ﬁnally 3) applying wound coverage with
vacuum-assisted coverage (VAC).
Open fractures were determined when patients entered the
operating room and/or before undergoing emergency surgery.
Severity of open fracture was assessed by the Orthopedic Trauma
Association (OTA) classiﬁcation based on evaluation of skin injury,
muscle injury, arterial injury, contamination and bone loss [15].
GustiloeAnderson grades were determined based on wound size,
depth, degree of contamination, extent of soft tissue contusion and
defects, degree of crushing and peripheral circulation at the wound
site. [16,17] Patients in the PWC group were treated with emer-
gency internal ﬁxation of fractures and single stage covering of
open wounds with exposed bones using decompression suture
methods (Fig. 1), or skin or ﬂap grafts (Fig. 2). VAC (Fig. 3) was then
used to provide additional coverage. VAC performed for severe
open fractures included strict cleaning of the injury site and
indwelling irrigation and drainage tubes; after surgery, negative
pressure drainage was continuously applied and irrigation ﬂuid
used saline ﬂush speed control of 30 drops per minute. Amount of
ﬂush was recorded and ﬂuid was closely observed to reduce risk of
serious infection for a ﬁxed period of time. Patients in the DWC
group were treated with emergency internal ﬁxation of fractures
and covering of openwounds with exposed bones by primary VAC,
and delayed deﬁnitive wound coveragewas performedwith skin or
ﬂap grafts within two weeks.
Patients’ demographic information was recorded, including age,
gender, smoking habits, mechanism of injury, Injury Severity Score
(ISS), OTA fracture classiﬁcation [15], GustiloeAnderson openy a trafﬁc accident. Photo of injury (a) and radiograph (b). c, d) After debridement, the
with decompression suture and vacuum-assisted coverage was applied. e) The wound
Fig. 2. A 32-year-old female with a GustiloeAnderson type IIIB open tibial fracture caused by a motor vehicle accident. Photo of injury (a) and radiograph (b). c) After debridement,
the tibial fracture was ﬁxed with an unreamed interlocking intramedullary nail, the wound was closed with a pedal dorsal rotation ﬂap and vacuum-assisted coverage was applied.
d, e) At 1-year postoperatively, the wound was healed with a fracture nonunion.
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and time to operative treatment and interventions were retro-
spectively recorded. Mechanism of injury was divided into high-
and low-energy injuries according to the method of Enninghorst
[18]. In brief, traumatic injuries sustained during motor vehicle and
motorbike crashes or by pedestrians struck by a car were consid-
ered high-energy, and all other injuries were classiﬁed as low-
energy injuries.
Deep infection was deﬁned as positive deep wound cultures
without positive bone cultures. Osteomyelitis was deﬁned as a
positive bone culture, and patients with presumptive osteomyelitis
were treated with 6 weeks of intravenous antibiotics. Amputation
was performed for infection or osteomyelitis that could not be
controlled with antibiotics, unsalvageable tissue or bone loss, or
when a patient could not comply with the management of pro-
longed wound care or complications. Fracture radiographic union
was deﬁned as a bridging callus across 3 of 4 cortices on orthogonal
radiographs evaluated by a research investigator, as previously
described [19].2.1. Statistical analysis
Because of the small sample size, continuous data were
compared by KruskaleWallis test and categorical variables were
compared by chi-square test or Fisher’s exact test. Continuous
variables are represented as median and interquartile range (IRQ),
and categorical data as number (n) and percentage (%). All statis-
tical assessments were two-sided, and statistical signiﬁcance wasset at p < 0.05. All statistical analyses were performed with SPSS
18.0 Statistics Software (SPSS Inc., Chicago, IL, USA).
3. Results
Patients’ demographic and clinical characteristics are shown in
Table 1. Among the 80 patients treated for open tibial fractures, 27
patients received internal ﬁxation plus primary wound closure
(PWC group), 22 patients received internal ﬁxation plus delayed
wound closure (DWC group) and 31 patients in the control group
had received external ﬁxation. Patients’ median age was 38 years
(IRQ 32e47 years) and 67.5% were male. Eighty-three percent (66/
80) of injuries were caused by high-energy trauma, 63.8% of the
woundswere contaminated and themedian ISS scorewas 14 points
(IRQ 9e17 points). According to the GustiloeAnderson classiﬁca-
tion, 33 injuries were type IIIA and 47 were type IIIB. Based on the
OTA classiﬁcation, 30 injuries were 42A, 23 were 42B, and 27 were
42C. Signiﬁcant differences were found in ﬁxation methods
(p < 0.001) between the three groups. Differences in coverage
methods (decompression suture, skin graft and ﬂap graft) between
the three groups were not signiﬁcant (P ¼ 0.055) (Table 1).
During the median follow-up of 36 months, a total of 21 (26.3%)
complications (deep infections) occurred, in which 14 (66.7% of
complications, 17.5% of total population) patients developed oste-
omyelitis. A total of 7 (50.0% of osteomyelitis, 8.8% of total popu-
lation) patients underwent late below-knee amputations. At 6
months after internal ﬁxation, a total of 37 (46.3%) patients were
found to have nonunion of the fracture, and at 12 months post-
operatively 16 patients (20.0%) had still not achieved fracture
Table 1
Patient demographic and clinical characteristics.
PWC
(n ¼ 27)
DWC
(n ¼ 22)
Control
(n ¼ 31)
p-value
Age (y)1 36 (32, 47) 43 (31, 48) 39 (33, 47) 0.979
Gender2
Male 18 (66.7) 16 (72.7) 20 (64.5) 0.815
Female 9 (33.3) 6 (27.3) 11 (35.5)
Smoking2 7 (25.9) 5 (22.7) 15 (48.4) 0.086
Mechanism of injury2
High-energy 23 (85.2) 19 (86.4) 24 (77.4) 0.632
Low-energy 4 (14.8) 3 (13.6) 7 (22.6)
ISS score1 11 (8, 17) 11 (9, 19) 14 (10, 17) 0.612
Contamination2
None 11 (40.7) 8 (36.4) 10 (32.3) 0.964
Mild 7 (25.9) 6 (27.3) 8 (25.8)
Heavy 9 (33.3) 8 (36.4) 13 (41.9)
GeA classiﬁcation2
IIIA 12 (44.4) 8 (36.4) 13 (41.9) 0.845
IIIB 15 (55.6) 14 (63.6) 18 (58.1)
OTA classiﬁcation2
42A 11 (40.7) 7 (31.8) 12 (38.7) 0.903
42B 7 (25.9) 6 (27.3) 10 (32.3)
42C 9 (33.3) 9 (40.9) 9 (29.0)
Time from injury to surgery (h)1 7 (5, 12) 8 (6, 10) 10 (7, 13) 0.190
Debridement number1 2 (1, 3) 3 (1, 3) 2 (1, 4) 0.786
Follow-up time (mo)1 33 (28, 41) 38 (33, 43) 34 (28, 36) 0.071
Fixation method2
LCP 12 (44.4) 9 (40.9) 0 (0) <0.001*
IM 15 (55.6) 13 (59.1) 0 (0)
EF 0 (0) 0 (0) 31 (100)
Coverage method2
Decompression suture 5 (18.5) 0 (0) 9 (29.0) 0.055
Skin graft 8 (29.6) 9 (40.9) 5 (16.1)
Flap graft 14 (51.9) 13 (59.1) 17 (54.8)
Data are presented as median and interquartile range or number and percentage.
p-values are based on 1 KruskaleWallis test and 2 chi-square test.
* indicates signiﬁcant differences between the 3 groups.
PWC, primary wound closure; DWC, delayed wound closure; ISS, Injury Severity
Scale; GeA, GustiloeAnderson; OTA, Orthopedic Trauma Association; LCP, locking
compression plate; IM, intramedullary nail; EF, external ﬁxation; VAC, vacuum-
assisted closure.
Fig. 3. Exemplary depictions for vacuum-assisted closure (VAC) were as follows: A 36-
year-old female with a GustiloeAnderson type IIIB open tibial fracture caused by a
trafﬁc accident. Photo of operation (a, b) After strict debridement, the tibial fracture
was ﬁxed with a locking compression plate, a rinse tubing compound together with a
drainage outlet tubing were arranged parallel along the outside of the ﬁxture place-
ment and dynamically removed soft tissues (muscle, fascia, etc.) were covering in-
ternal ﬁxation. Primary closure of the wound was done decompression suture and
transplanted in situ with subjects’ own skin and then vacuum-assisted coverage was
applied.
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infection, osteomyelitis, amputation, and nonunion at 6 and 12
months postoperatively between the three groups (all p > 0.05)
(Table 2).
Comparison of complications between patients who received
surgical debridement 6 h after the injury and those who received
surgical debridement > 6 h from the time of injury revealed no
signiﬁcant differences in the rates of deep infection, osteomyelitis,
amputation, and nonunion at 6 and 12 months postoperatively
between the three groups (Table 3).Table 2
Complications in the primary and delayed wound closure groups.
PWC
(n ¼ 27)
DWC
(n ¼ 22)
Control
(n ¼ 31)
p-value
Total complications/
Deep infection
5 (18.5) 6 (27.3) 10 (32.3) 0.491
Osteomyelitisa 3 (11.1) 4 (18.2) 7 (22.6) 0.516
Amputationb 1 (3.7) 3 (13.6) 3 (9.7) 0.460
Nonunion at 6 months 10 (37.0) 8 (36.4) 19 (61.3) 0.100
Nonunion at 12 months 4 (14.8) 3 (13.6) 9 (29.0) 0.274
Data are presented as number (percentage).
p-values are based on chi-square test.
PWC, primary wound closure; DWC, delayed wound closure.
a Only patients diagnosed with deep infection will be diagnosed with
osteomyelitis.
b Only patients diagnosed with osteomyelitis will be diagnosed with amputation.4. Discussion
Results of the present study demonstrate that early wound
closure (i.e., PWC) for the treatment of GustiloeAnderson type IIIA
and IIIB open tibial fractures in conjunction with primary internal
ﬁxation and VAC can reach comparable, or even better, outcomes
than DWC after primary internal ﬁxation and VAC. Among our
patients, infection (18.5% vs. 27.3%), osteomyelitis (11.1% vs. 18.2%),
and amputation (3.7% vs. 13.6%) were all lower in the PWC group
than in the DWC group, although the differences did not reach
statistical signiﬁcance. Also, no signiﬁcant differences were shown
between the two internal ﬁxation treatment groups (PWC and
DWC) and the controls that received external ﬁxation. In fact,
certain indicators of effectiveness such as the status of fracture
healing and rate of union showed better results in the internal
ﬁxation groups than in the external ﬁxation group. As such, in
addition to demonstrating advantages of PWC over DWC, results ofthis study demonstrate that one-stage internal ﬁxation is not
contradicted for severe tibioﬁbular fractures and that outcomes of
the internal ﬁxation are comparable to external ﬁxation, which has
been the conventional treatment for these severe fractures In order
to make appropriate coverage decisions for severe open tibial
fractures, surgeons must ﬁrst consider the “personality” of the
fracture, including that the fracture cannot be so comminuted that
internal ﬁxation is impossible and that infection risk does not
preclude the use of certain closure techniques [6]. Gentleness in
managing soft tissue is as critical as technical ability in ﬁxing the
Table 3
Complications based on time from injury to surgery.
Time from injury
to surgical
debridement
> 6 h (n ¼ 55)
Time from injury
to surgical
debridement
 6 h (n ¼ 25)
p-value
Deep infection 15 (27.3) 6 (24.0) 0.758
Osteomyelitisa 10 (18.2) 4 (16.0) 1.000
Amputationb 6 (10.9) 1 (4.0) 0.425
Nonunion at 6 months 27 (49.1) 10 (40.0) 0.450
Nonunion at 12 months 11 (20.0) 5 (20.0) 1.000
Data are presented as number (percentage).
p-values are based on Fisher’s exact test.
a Only patients diagnosed with deep infection will be diagnosed with
osteomyelitis.
b Only patients diagnosed with osteomyelitis will be diagnosed with amputation.
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and skills to perform rigid internal ﬁxation, and must also establish
a preoperative plan for each case [6]. In the present study, the open
tibial fractures in the PWC group were those determined to be
suitable for treatment with immediate wound closure methods,
while those in the DWC group characteristically had more severe
soft tissue damage or bone loss that made immediate wound
closure impossible. It is also important to note that, in our insti-
tution, “early” closure refers to the use of decompression sutures
and application of wound closure ﬂaps and performing internal
ﬁxation, while “delayed” closure refers to applying VAC wound
closure and internal ﬁxation of the exposed bones, followed by use
of ﬂaps for repair. Notably, multi-local soft tissue injury is not
appropriately treatedwith immediate decompression sutures since
the condition will not allow it and it is also unsafe for patients,
which explains why our PWC group had only ﬁve cases of
decompression suture vs. no cases in the DWC group. Infection
remains a major complication of open tibial fractures, and plays a
vital role in outcomes [2,3,6]. However, whether primary or
delayed wound closure is more effective at preventing infection is
still a subject of debate [8,20]. It has long been understood that
metals used in internal ﬁxation, especially reactive metals, do not
necessarily promote bacterial growth even while host defense
mechanisms may be altered [20]. Since the early in vitro evaluation
of bacterial response to metals, indications for immediate internal
ﬁxation of open fractures have changed owing to advances in in-
ternal ﬁxation, advances in wound care for open fractures and
improved antibiotic therapy, which have in turn improved infection
rates [21e23]. Based on experience in cases of military-derived
trauma, some authors have recommended that, in open tibial
fractures, the wound should initially be left open, serial debride-
ment be performed as needed and the wound closed after it be-
comes clean [24]. Delayed wound closure, or soft tissue coverage
with ﬂaps, has proven highly effective, and is believed to minimize
the risk of late deep infection [25,26]. Russell et al. [5] reported that
immediate wound closure may result in pathogenic organisms
remaining at the site of the injury, which would appear to increase
risk of infection. However, other studies have suggested that in-
fections were not caused by the initial contamination, but instead
by pathogenic organisms that were acquired secondarily by noso-
comial routes [27e29]. Therefore, primary closure after adequate
debridement and wound care in conjunction with early fracture
stabilization should not only be safe, but could potentially reduce
the rate of hospital acquired infections [30,31].
Favorable outcomes have been reported with use of immediate
ﬂap coverage in the management of open tibial fractures [1,7,24].
Hertel et al. [13] also suggested immediate soft-tissue coverage is
the most appropriate treatment after ﬁnding that delayedreconstruction was associated with longer bone union time in
comparison to immediate reconstruction (11.6 months vs. 5.6
months, respectively) (p < 0.01). Although external ﬁxators have
the advantages of versatility, ease of application, minimal surgical
trauma, wound access and less interference with free joint move-
ment, their use is also associated with high rates of malunion and
nonunion [32]. In the present study, we compared the results of
PWC and DWCwith controls who had all received external ﬁxation.
Union rates were recorded at 6 and 12 months of follow-up. Pa-
tients with signs of delayed fracture healing were given physical
therapy, usually including topical ultrasound therapy, and were
closely observed for healing trends. At 12 months follow-up, if
healing was still incomplete, surgical treatment with bone grafts
was typically performed. We found that 17 (26.6%) patients had
nonunion of the fracture at 6months, and only 5 patients (7.8%) had
still not achieved fracture union at 12 months postoperatively.
However, no signiﬁcant differences were found in union rates be-
tween PWC, DWC and controls.
Although early stabilization of the skeletal injury is encouraged,
the best method for achieving stability remains controversial.
Reamed intramedullary nails are not widely used for severe open
tibial fractures because of possible damage to the endosteal blood
supply during reaming [33]. On the other hand, unreamed intra-
medullary nails have acceptable infection rates due to reduced
interference with endosteal circulation, although hardware failure
rates are also reported [34]. In our institution, non-reamed intra-
medullary nail treatment was applied for fractures of the backbone
of the middle tibia, and the new anatomical locking compress plate
was used for metaphyseal fractures of the tibia. Both of these
procedures were able to quickly and efﬁciently ﬁx the fractures
without applying periosteal stripping surgery, which protected the
blood supply at the fracture site.
Results of the present study suggest that primary wound closure
combined with VAC can facilitate soft-tissue healing, resulting in
relatively low rates of infection and osteomyelitis. When VAC is
applied, a polyurethane ether foamwith a pore size of 400e600 m is
cut to shape and applied to the wound. The foam is then covered
with a transparent ﬁlm and a non-collapsible tube is placed into the
foam and connected to an adjustable vacuum pump. Continuous or
intermittent negative pressure of 50e125 mmHg is applied and the
exudate, edema and bacteria are removed from the wound. VAC
decreases tissue bacterial levels, increases tissue perfusion and
enhances granulation tissue formation, thus improving wound
healing [35e37]. In cases of immediate closure, these conditions
promote wound healing, and in cases of delayed closure the pro-
motion of granulation tissue formation prepares the wound bed for
subsequent coverage. In addition, in cases of delayed coverage, the
use of VACmay reduce the need for tissue transfer andmuscle ﬂaps
[11]. Herscovici et al. [38] studied the treatment and recovery of 21
consecutive patients with severe soft tissue injuries who required
coverage procedures beyond split-thickness skin grafting treated
with VAC. Among the 21 patients, 12 (57%) wounds required either
no further treatment or only a split-thickness skin graft after VAC
treatment. Other studies have reported that VAC is associated with
comparable costs and healing time as conventional wound care and
greater patient comfort in the management of open tibial fractures
as well as other types of acute and chronic wounds [38,39]. Nega-
tive pressure wound therapies (NPWT) are delivered using
different sources and levels of negative pressure, wound ﬁller and
wound contact layers to improve the healing of chronic wounds
and improve outcomes of wound closure after surgical treatment
[40]. NPTs such as VAC have been shown to improve outcomes of
treatment for acute complex traumas of the lower limbs, and in
some cases help to avoid surgical treatment [41]. The technique has
become widely applied for various wound applications and two
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efﬁcacy and safety [40,42]. These reports also included recom-
mendations for use and clariﬁed treatment goals for NWPT through
consultation with over 400 independent, international healthcare
professionals, including that NWPTs may be used to provide tem-
porary wound cover, reduce the complexity of closure procedures,
improve wound management of failed ﬂaps after debridement,
manage wound ﬂuid and edema, improve pain management and
prevent wound progression. In the present study, we applied VAC
negative pressure therapy to improve the quality of the wound bed
in open fractures that had received surgical closure and found that
it improved results of grafting and ﬂaps, including reducing infec-
tion. In previous studies, VAC was considered to be a valid, mini-
mally invasive alternative to immediate reconstruction in selected
patients, providing stable functional results for acute complex limb
trauma [41].
While studies have shown the advantages of VAC, the duration
of time for which VAC is applied should be no longer than 7 days.
Bhattacharyya et al. [14] retrospectively reviewed the records of 38
patients with Gustilo type IIIB open fractures treated with VAC and
reported that patients who underwent deﬁnitive coverage within 7
days had a signiﬁcantly decreased rate of infection (12.5%)
compared to patients for whom coverage was performed at 7 days
or more after injury (57%) (p < 0.008). In patients who developed
infection, the mean time to coverage was 8.9 days as compared to
4.8 days in patients who did not develop infection (p < 0.029).
Several other studies have reported similar results, suggesting that
optimal wound closure should be within 7 days after injury, since
closure delayed beyond 7 days was associated with an increased
risk of infection [4,27,39,43,44]. Our results show that infection
rates (10% vs. 32%), osteomyelitis (10% vs. 18%), and amputation (5%
vs. 11%) were lower in patients who underwent wound coverage
within 7 days of injury than in those for whom coverage was per-
formed more than 7 days after injury, although, the differences did
not reach statistical signiﬁcance.
The primary limitation of the current study is the small sample. In
addition, the study was a retrospective analysis of clinical data,
without randomization of patients and without including patients’
comorbidities; however, the 3 groups of patients were similar with
respect to demographic and clinical characteristics and patientswith
peripheral vascular disease, diabetes, immune dysfunction, and
others with high infection risk, were excluded. Future prospective
study of a larger randomized sample with comprehensive medical
history is warranted in order to conﬁrm results of the present study.
5. Conclusions
In summary, results of the present study suggest that PWC for
the treatment of GustiloeAnderson type IIIA and IIIB open tibial
fractures in conjunction with primary internal ﬁxation and VAC
provides similar, and possibly better, outcomes than primary in-
ternal ﬁxation, VAC, and DWC. The duration of VAC should be
limited to not more than one week.
Ethical approval
This study was approved by Medical Ethical Committee of the
Zhongnan Hospital of Wuhan University.
Author contribution
Shijun Wei: clinical studies, data analysis, manuscript editing.
Aixi Yu: literature research, study design, manuscript review.
Xianhua Cai: guarantor of integrity of the entire study, manu-
script review.Huasong Wang: clinical studies, data acquisition.
Baiwen Qi: data acquisition, statistical analysis.
Funding
None.
Conﬂicts of interest
None.
Acknowledgments
None.
References
[1] S. Gopal, S. Majumder, A.G. Batchelor, S.L. Knight, P. De Boer, R.M. Smith, Fix
and ﬂap: the radical orthopaedic and plastic treatment of severe open frac-
tures of the tibia, J. Bone Joint Surg. Br. 82 (7) (2000) 959e966.
[2] J.W. Busse, C.L. Jacobs, M.F. Swiontkowski, M.J. Bosse, M. Bhandari, Evidence-
Based Orthopaedic Trauma Working Group, Complex limb salvage or early
amputation for severe lower-limb injury: a meta-analysis of observational
studies, J. Orthop. Trauma 21 (1) (2007) 70e76.
[3] J. Huh, D.J. Stinner, T.C. Burns, J.R. Hsu, Late Amputation Study Team, Infec-
tious complications and soft tissue injury contribute to late amputation after
severe lower extremity trauma, J. Trauma 71 (1 Suppl.) (2011) S47eS51.
[4] Z.Y. Hou, K. Irgit, K.A. Strohecker, et al., Delayed ﬂap reconstruction with
vacuum-assisted closure management of the open IIIB tibial fracture,
J. Trauma 71 (6) (2011) 1705e1708.
[5] G.G. Russell, R. Henderson, G. Arnett, Primary or delayed closure for open
tibial fractures, J. Bone Joint Surg. Br. 72 (1) (1990) 125e128.
[6] C.M. Court-Brown, Fractures of the tibia and ﬁbula, in: R.W. Bucholz,
J.D. Heckman, C.M. Court-Brown (Eds.), Rockwood & Green’s Fractures in
Adults, 6th ed., Lippincott Williams & Wilkins, New York, New York, 2006, pp.
2081e2083.
[7] M. Godina, Early microsurgical reconstruction of complex trauma of the ex-
tremities, Plast. Reconstr. Surg. 78 (3) (1986) 285e292.
[8] S. Rajasekaran, J. Dheenadhayalan, J.N. Babu, S.R. Sundararajan,
H. Venkatramani, S.R. Sabapathy, Immediate primary skin closure in type-III A
and B open fractures: results after a minimum of ﬁve years, J. Bone Joint Surg.
Br. 91 (2) (2009) 217e224.
[9] S. Rajasekaran, Early versus delayed closure of open fractures, Injury 38 (8)
(2007) 890e895.
[10] J.P. Stannard, D.A. Volgas, R. Stewart, G. McGwin Jr., J.E. Alonso, Negative
pressure wound therapy after severe open fractures: a prospective random-
ized study, J. Orthop. Trauma 23 (8) (2009) 552e557.
[11] Y. Tan, X. Wang, H. Li, et al., The clinical efﬁcacy of the vacuum-assisted
closure therapy in the management of adult osteomyelitis, Arch. Orthop.
Trauma Surg. 131 (2) (2011) 255e259.
[12] B.T. Dedmond, B. Kortesis, K. Punger, et al., The use of negative-pressure
wound therapy (NPWT) in the temporary treatment of soft-tissue injuries
associated with high-energy open tibial shaft fractures, J. Orthop. Trauma 21
(1) (2007) 11e17.
[13] R. Hertel, S.M. Lambert, S. Müller, F.T. Ballmer, R. Ganz, On the timing of soft-
tissue reconstruction for open fractures of the lower leg, Arch. Orthop. Trauma
Surg. 119 (1e2) (1999) 7e12.
[14] T. Bhattacharyya, P. Mehta, M. Smith, B. Pomahac, Routine use of wound
vacuum-assisted closure does not allow coverage delay for open tibia frac-
tures, Plast. Reconstr. Surg. 121 (4) (2008) 1263e1266.
[15] Orthopaedic Trauma Association: Open Fracture Study Group, A new classi-
ﬁcation scheme for open fractures, J. Orthop. Trauma 24 (8) (2010) 457e464.
[16] R.B. Gustilo, R.P. Gruninger, T. Davis, Classiﬁcation of type III (severe) open
fractures relative to treatment and results, Orthopedics 10 (12) (1987) 1781e
1788.
[17] R.B. Gustilo, R.M. Mendoza, D.N. Williams, Problems in the management of
type III (severe) open fractures: a new classiﬁcation of type III open fractures,
J. Trauma 24 (8) (1984) 742e746.
[18] N. Enninghorst, D. McDougall, J.J. Hunt, Z.J. Balogh, Open tibia fractures: timely
debridement leaves injury severity as the only determinant of poor outcome,
J. Trauma 70 (2) (2011) 352e357.
[19] D.B. Whelan, M. Bhandari, M.D. McKee, et al., Interobserver and intraobserver
variation in the assessment of the healing of tibial fractures after intra-
medullary ﬁxation, J. Bone Joint Surg. Br. 84 (1) (2002) 15e18.
[20] A.G. Gristina, An in vitro study of bacterial response to inert and reactive
metals and to methyl methacrylate, J. Biomed. Mater. Res. 10 (2) (1976) 273e
281.
[21] D.J. Maurer, R.I. Merkow, R.B. Gustilo, Infection after intramedullary nailing of
severe opentibial fractures initially treated with external ﬁxation, J. Bone Joint
Surg. Am. 71 (6) (1989) 835e838.
S.-j. Wei et al. / International Journal of Surgery 12 (2014) 688e694694[22] P. Tornetta III, M. Bergman, N. Watnik, et al., Treatment of grade-IIIB open
tibial fractures. A prospective randomised comparison of external ﬁxation and
non-reamed locked nailing, J. Bone Joint Surg. Br. 76 (1) (1994) 13e19.
[23] L.S. Levin, Early versus delayed closure of open fractures, Injury 38 (8) (2007)
896e899.
[24] E. Hohmann, K. Tetsworth, M.J. Radziejowski, T.F. Wiesniewski, Comparison of
delayed and primary wound closure in the treatment of open tibial fractures,
Arch. Orthop. Trauma Surg. 127 (2) (2007) 131e136.
[25] M. Bhandari, G.H. Guyatt, M.F. Swiontowski, Treatment of open fractures of
the shaft of the tibia, J. Bone Joint Surg. Br. 83 (1) (2001) 62e68.
[26] B. French, P. Tornetta, High-energy tibial shaft fractures, Orthop. Clin. North
Am. 33 (1) (2002) 211e230.
[27] K. Kindsfater, E.A. Jonassen, Osteomyelitis in grade II and grade III open tibia
fractures with late debridement, J. Orthop. Trauma 9 (2) (1995) 121e127.
[28] W.I. Faisham, S. Nordin, A. Aidura, Bacteriological study and its role in the
management of open tibial fracture, Med. J. Malays. 56 (2) (2001) 201e206.
[29] B.J. Harley, L.A. Beaupre, A.C. Jones, S.K. Dulai, D.W. Weber, The effect of time
to deﬁnitive treatment on the rate of nonunion and infection in open frac-
tures, J. Orthop. Trauma 16 (7) (2002) 484e490.
[30] R.W. Singer, J.F. Kellam, Open tibial diaphyseal fractures, Clin. Orthop. Relat.
Res. 315 (1995) 114e118.
[31] M.J. Yaremchuk, B.S. Gan, Soft-tissue management of open tibial fractures,
Acta Orthop. Belg. 62 (Suppl. 1) (1996) 188e192.
[32] P.V. Giannoudis, C. Papakostidis, G. Kouvidis, N.K. Kanakaris, The role of
plating in the operative treatment of severe tibial fractures: a systematic re-
view, Int. Orthop. 33 (1) (2009) 19e26.
[33] P.V. Giannoudis, C. Papakostidis, C. Roberts, A review of the management of
open fractures of the tibia and femur, J. Bone Joint Surg. 88 (3) (2006) 281e
289.
[34] C.W. Oh, B.C. Park, J.C. Ihn, H.J. Park, Primary unreamed intramedullary nailing
for open fractures of the tibia, Int. Orthop. 24 (6) (2001) 338e341.[35] G.A. Zych, J.J. Hutson Jr., Diagnosis and management of infection after tibial
intramedullary nailing, Clin. Orthop. Relat. Res. 315 (1995) 153e162.
[36] M.J. Morykwas, J. Simpson, K. Punger, A. Argenta, L. Kremers, J. Argenta,
Vacuum-assisted closure: state of basic research and physiologic foundation,
Plast. Reconstr. Surg. 117 (7 Suppl) (2006) S121eS126.
[37] P.E. Banwell, Topical negative pressure therapy in wound care, J. Wound Care
8 (2) (1999) 79e84.
[38] D. Herscovici Jr., R.W. Sanders, J.M. Scaduto, A. Infante, T. DiPasquale, Vacuum-
assisted wound closure (VAC therapy) for the management of patients with
high-energy soft tissue injuries, J. Orthop. Trauma 17 (10) (2003) 683e688.
[39] A. Braakenburg, M.C. Obdeijn, R. Feitz, I.A. van Rooij, A.J. van Griethuysen,
J.H. Klinkenbijl, The clinical efﬁcacy and cost effectiveness of the vacuum-
assisted closure technique in the management of acute and chronic
wounds: a randomized controlled trial, Plast. Reconstr. Surg. 118 (2) (2006)
390e397.
[40] E. Krug, L. Berg, C. Lee, , et al.Expert Panel on Negative Pressure Wound
Therapy, Evidence-based recommendations for the use of negative pressure
wound therapy in traumatic wounds and reconstructive surgery: steps to-
wards an international consensus, Injury 42 (Suppl. 1) (2011) S1eS2.
[41] D. Bollero, R. Carnino, D. Risso, E.N. Gangemi, M. Stella, Acute complex
traumas of the lower limbs: a modern reconstructive approach with negative
pressure therapy, Wound Repair Regen. 15 (2007) 589e594.
[42] S. Vig, C. Dowsett, L. Berg, , et al.Expert Panel on Negative Pressure Wound
Therapy, Evidence-based recommendations of negative pressure wound
therapy wounds: steps towards an international consensus, J. Tissue Viability
20 (2011) S1eS18.
[43] M. Bhandari, G.H. Guyatt, P. Tornetta 3rd, et al., Current practice in the
intramedullary nailing of tibial shaft fractures: an international survey,
J. Trauma 53 (4) (2002) 725e732.
[44] S.A. Olson, E.H. Schemitsch, Open fractures of the tibial shaft: an update, Instr.
Course Lect. 52 (2003) 623e631.
